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 Executive Summary 
 
Stormwater runoff from construction sites can transport eroded sediment to nearby water 
bodies degrading water quality and impairing biotic communities.  The use of turbidity as 
measure of the sediment loads leaving construction sites has been of interest in Minnesota and 
elsewhere. The project examined turbidity relationships and monitoring systems to measure 
field turbidity data. Laboratory protocols have been developed herein for studying the factors 
that impact turbidity from construction site soils.  Experimental procedures include the use of 
a rainfall simulator to generate runoff and turbidity values from soils carefully packed in 
appropriate test boxes.  Turbidity characteristics of fourteen different soils in Minnesota were 
investigated using the laboratory protocols.  Trends in turbidity with sediment concentrations 
were well represented by power functions.  The exponent of these power functions was 
relatively constant between soils and the log-intercept, or scaling parameter varied 
substantially among the different soils. Multiple soil properties were evaluated for each soil. 
An extensive regression analysis resulted in a model using percent silt, interrill erodibility, 
and maximum abstraction that best represented the intercept term. A power value of 7/5 was 
chosen to represent all soils. A second laboratory experiment was performed to determine 
how particle settling affects the coefficients of the turbidity -TSS relationship. The scaling 
parameter increased with sediment deposition and the power value decreased.  
 
The field studies were also used to develop turbidity monitoring systems that would be 
adaptable to construction sites and to collect turbidity data on construction site runoff.  Two 
different monitoring systems were developed from this project. The first was a turbidity flume 
designed to monitor turbidity levels from overland flows and the second was designed to 
monitor turbidity values during de-watering activities. Turbidity values were measured at two 
different construction sites. Both turbidity values generated from onsite erosion control 
practices and runoff leaving the construction site were recorded.  Turbidities easily exceeded 
1000 NTUs and often surpassed 3000 NTUs for most of the runoff events recorded. 
 
To better understand the accuracy of turbidity measurements on construction site soils in 
Minnesota a laboratory analysis of five different turbidity sensors on five different soil 
 
  
textures was conducted . As expected both differences in soil texture and probe configuration 
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Name Type Location Description Classification 
$+7 7RSVRLO $UGHQ+LOOV01 6LOW\GDUNFRORUHGVRLO 6DQG\/RDP
$+6 6XEVRLO $UGHQ+LOOV01 6LOW\\HOORZFRORUHGVRLO 6DQG\/RDP
&7<7 7RSVRLO 0DQNDWR01 6LOW\GDUNFRORUHGVRLO 6DQG\/RDP
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Name Type Location Description Classification 
AH T Topsoil Arden Hills, MN Silty dark grey soil Sandy Loam 
TH-23 T Topsoil St. Cloud, MN Silty, greyish brown soil Loam 
TH-23 S Subsoil St. Cloud, MN Silty, reddish orange soil Sandy Loam 
Soil A Subsoil Redwing, MN Sticky, tan soil Silt 







































Evaluation of Turbidity-Concentration Relationships
Introduction
The experimental methods of Chapter 2 were used to obtain a data set to investigate the 
relationship between turbidity and concentration. The analysis is based largely on the six 50 
mL aliquot samples. The first section of the chapter will evaluate the samples using a general 
power relationship. This evaluation will be done for all of the soils. Trends in the coefficients 
of this power relationship will be further explored. Predictive relationships are proposed and 
their usefulness is evaluated.
General Power Relationship
Insight into turbidity readings was obtained by plotting the turbidity data as a function of 
sediment concentration. An example of turbidity-concentration trends is shown in Figure 3.1.
Each soil had six sets of data and six separate relationships to describe the data. Several 
regressions were performed on the data to determine the correct form of the turbidity and TSS 
relationship. A power relationship for turbidity and sediment concentration was clearly 
suggested from these plots.
All of the soils in the study were well represented by a power function. The general 
relationship used to descr
 ൌ Ƚஒ
ibe turbidity as a function of TSS is as follows:
(3.1)
ZKHUHĮDQGȕDUHVFDOLQJDQGSRZHUFRHIILFHQWVUHVSHFWLYHO\7KH\DUHFRQVLGHUHGWREHVRLO
dependent. In the above equation, turbidity and TSS are measured in NTUs and mg/L 
respectively. Equation 3.1 was evaluated for each of the six samples collected at different 































































































































 ܰܯܵܧ = σ(௉೔ିை೔)మ
σ(ை೔ିைത)మ  
 ܴܯܧ = σ(௉೔ିை೔)௡ ைത  
ZKHUH3LDQG2LDUHWKHSUHGLFWHGDQGPHGLDQRIREVHUYHGĮYDOXHVIRUHDFKVRLOLOഥLVWKH
PHDQRIWKHREVHUYHGĮYDOXHVDQGQLVWKHQXPEHURIVRLOVXVHGLQWKHDQDO\VLV7KHHUURURI





















































































































































































































































































































































Silty Clay Loam 
7.5 % Sand 

















































2 Loam Silt Silty Clay Loam Ave 
OBS3+ 12 5 14 36 23 18 
OBS 500 73 84 110 113 160 108 
YSI 6136 91 85 77 118 190 112 
Analite 495 92 115 220 188 195 162 
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 ௗܶכ = ்೏்಺ = ఈ೏(ி೏஼಺)ഁ೏ఈబ஼಺ഁబ = ߥௗܨௗఉ೏ܥூఉ೏ିఉబ = ߥௗܨௗఠ೏ఉబܥூఉబ(ఠ೏ିଵ) 
ZKHUHGLPHQVLRQOHVVSDUDPHWHUVRIȞDQGȦDUHGHILQHGDV
 ߥௗ = ఈ೏ఈబ 
 ߱ௗ = ఉ೏ఉబ 
$VDQDOWHUQDWLYHIRUPXODWLRQWKHUHODWLRQVKLSIRU7GFDQEHGHWHUPLQHGGLUHFWO\DV










 ூܶ = ߂ ஼ܶ௟௔௬ + ߂ ௦ܶ௜௟௧ + ߂ ௌܶ௔௡ௗ 
ZKHUHHDFKFRPSRQHQWLVGHILQHGE\(TXDWLRQDV
 ߂ ௖ܶ௟௔௬ = ߥ௖ߙ଴ܨ௖ఠ೎ఉబܥூఠ೎ఉబ 


















 ௗ்೏ௗி೏ = ߙ଴(ߚ଴ െ 1)ܨௗఉబିଵܥூఉబ 
5HODWLRQVKLSVDUHIXUWKHUVLPSOLILHGLIWKHWXUELGLW\YDULHVOLQHDUO\ZLWKFRQFHQWUDWLRQZKLFK
FRUUHVSRQGVWRȕ :LWKWKLVFRQGLWLRQDQGDJDLQXVLQJȦG ȞG WKHFOD\VLOWDQGVDQG
FRPSRQHQWVRIWXUELGLW\FDQEHHYDOXDWHGDV
 ߂ ௖ܶ௟௔௬ =  ௖ܶ௟௔௬ = ߙ଴ܨ௖ܥூ = ߙ଴ܥ௖௟௔௬ 
 ߂ ௌܶ௜௟௧ = ௦ܶ௜௟௧ = ߙ଴ܨ௦ܥூ െ ߙ଴ܨ௖ܥூ = ߙ଴(ܨ௦ െ ܨ௖)ܥூ = ߙ଴ܥ௦௜௟௧ 
 ߂ ௌܶ௔௡ௗ = ௦ܶ௔௡ௗ = ߙ଴ܥூ െ ߙ଴ܨ௦ܥூ = ߙ଴(1 െ ܨ௖)ܥூ = ߙ଴ܥ௦௔௡ௗ 
ZKHUHWKHWXUELGLW\IRUHDFKFRPSRQHQWYDULHVOLQHDUO\ZLWKLWVFRQFHQWUDWLRQ7KHLQLWLDO
WXUELGLW\FDQEHZULWWHQDV






































































 ߱ௗ = ൫0.ʹ͵ െ 9.20ܧ-2 ܤܦ൯ ܮ݊(ܨௗ) + 1 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Sand Silt Clay 
  
PLQ PD[ PHGLDQ PLQ PD[ PHGLDQ
Fd       
T* w/ conc.       










































































































































































































































































































































































































y = 0.1102x + 29.791 
R² = 0.8568 
y = 0.1108x + 42.58 
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y = 0.4098x + 12.371 
R² = 0.977 
2100N 
y = 0.7502x + 5.8079 






















































































































































































































































































































1.2 in. rain 
0.74 in. rain 
Construction workers acivitiy 
Rock 175, Ditch 
47, Culvert 97 
at 9:40 
 
Rock 395, Ditch 
405, Culvert 375 
at 4:20 
+4000 NTU's rock, ditch, 
culvert 
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169 and 494/Culvert out fall from 
stormwater pond/0.62 inch event 
Rainfall (cm) Turbidity (ntu)
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Mean Linear Non-linear 
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(VWLPDWH (UURU (VWLPDWH (UURU
Concentration 
(mg/L)     
Turbidity 
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 Table A.1. Soil property values for each soil. 
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Figure A.11. Hydrometer Test, Hastings - S 









































































































Figure B.13. Hydrometer Test, OV - S 







































































































































































































































































































Figure A.23. Proctor Test, Hast - T 
Figure A.24. Proctor Test, OV - S 










































































































































































































































































































































































































































































































































































Figure B.8: CTY - S (1) Aliquot Samples 
Figure E.9: CTY - S (2) Aliquot Samples 




























































































































































































































































































































































































































Figure B.20. Soil B Aliquot Samples 















































































Figure B.22. TH23 - T Aliquot Samples 




































































































































































































































































































Figure C.2. AH - T (2) Particle Settling 
Figure C.3. AH - T (3) Particle Settling Figure C.5 - T (5) Particle Settling 7 CTY - T Particle Settling 
Figure C.8. Dul - S Particle Settling 
Figure C.9. ast   i l  li  






















































































































































































Figure C.14. TH - S Particle Settling 





Table C.1. Particle settling data for each soil. 
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 Table C.2. Row descriptions for Table C.1. 
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Dimensions of Turbidity Monitoring Box 
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